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The Oklahoma Mesonet 

 Weather and climate network of 120 sites covering 181,186 km2 

 Commissioned in 1994 

 Joint project between the Oklahoma State University and the 
University of Oklahoma. 

 Extensive quality assurance is applied to the collected observations 
(real-time and archived  automated and manual) 

 Over 5 billion observations archived 

 Operational funding supplied by the State of Oklahoma – Research 
funded mainly by grant awards 

 Over 500 peer-reviewed publications, over 100 M.S. theses, and over 40 
Ph.D. dissertations have used Oklahoma Mesonet data. 

 



The Oklahoma Mesonet 

• Every 5 minutes: 

– Air temperature, 1.5 m, 9 m  

– Relative humidity, 1.5 m 

– Rainfall (tipping bucket) 

– Barometric pressure 

– Solar, net radiation, 1.8 m 

– Wind speed/direction, 10 m  

– Wind speed, 2 m, 9 m 

– Skin temperature, 1.5 m 

• Every 15 minutes: 

– 5 cm soil temp, bare soil, native sod 

– 10 cm soil temp, bare soil, native sod 

– 30 cm soil temp, native sod 

• Every 30 minutes: 

– 5 cm soil moisture (108 Sites) 

– 25 cm soil moisture (106 Sites) 

– 60 cm soil moisture (81 Sites) 

– 75 cm soil moisture (32 Sites) 
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Soil Moisture Instrumentation 

 Campbell Scientific 229-L 
Sensor 

 Heat Dissipation Sensor 

 Raw measurement is a 
change in temperature (T) 
following the introduction 
of a heat pulse 

 Provides relative measures 
of soil “wetness” 

 With soil texture 
information, soil water 
content is empirically 
estimated 

 Does not work well in sand 

 

Illston, B.G., J.B. Basara, D.K. Fischer, R.L. Elliott, C. Fiebrich, K.C. Crawford, K. Humes, and 
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Oklahoma Mesonet Soil Moisture 

 Core Measurement of the Oklahoma Mesonet at 5, 25, and 
60 cm  – i.e. fully supported both now and into the future. 

 Current technology does not measure Water Content 
directly – empirical relationships exist and  have been 
improved via collaborative efforts at Oklahoma State 
University. 

 Over 15 years of soil moisture data collected thus far – 
data available in near real time or via archived datasets. 

 Coincident metadata available (soil texture, vegetation, 
bulk density, etc.). 
 



Mesonet Water Content Calibration 

 New empirical technique applied to 229-L sensor response 
(Rosetta) to estimate VWC and compared with original 
Mesonet method (Arya-Paris). 

 

 Compared with gravimetric samples (OSU soil cores) 
collected during the empirical analysis as well as 
gravimetric samples collected at Mesonet site during 
SMEX03 as well as neutron probe measurements collected 
at the sites. 
 



Scott, B., T. Ochsner, B. Illston, C. Fiebrich, J. Basara, and A. Sutherland, 2013: New Soil 
Database Improves Oklahoma Mesonet Soil Moisture Estimate. J. of Atmos. and 
Oceanic Tech, in press.  

“Error” = 0.053 cm3 cm-3 



“Error” = 0.053 cm3 cm-3 

Mesonet Water Content Data – 5 cm observations 
represents the 0-5 cm SMAP Product 











Cooperative Validation Sites in the Region 

ARS Micronets MOISST 

El Reno 



SMAP-MOISST 

Soil Moisture Active Passive 

Marena, Oklahoma In Situ Sensor Testbed 

Cooperative Research sponsored by 

A cooperative project to compare in situ soil 

moisture sensors for use in satellite calibration 

and validation programs.  Located near Marena, 

Oklahoma, this testbed hosts multiple partners 

featuring current and emerging measurement 

technologies for sensing soil water content at the 

surface and in profile. 

MOISST PI: Michael Cosh, USDA-ARS 

OSU Co-I: Tyson Ochsner, OSU 

Partners included in MOISST 

•   COSMOS 

•   GPS Reflectometers  

•   Passive/Active DTS   

•   NOAA CRN System 

•   Oklahoma Mesonet  

 

Sensors in MOISST profiles 

•   Stevens Water Hydra probes 

•   Delta-T Theta probes 

•   Acclima sensors 

•   Campbell Sci 229-L probes 

•   Campbell Sci 616 TDRs 

•   Decagon EC-TMs 

•   Imko TDRs 

•   Sentek Capacitance Probes 

 

 



Integrated Grassland/Crop Observing Systems 
at El Reno – To be completed in 2014 

CO2, H2O, and CH4 Fluxes 

Air Temperature, Humidity, Net Radiation (and components), soil 
temperature and heat flux, soil moisture at 5 cm 

COSMOS 

Phenocam – daily images at MODIS flyover 

Planned, regular sampling 

Long-term deployment through 2018 

Collaborators/Investigators  

• J. Basara, X. Xiao, J. Duckles; J. Dong, P. Wagle (OU); 

• J. Stiener, S. Coleman (USDA);  

• D. Engle, T. Ochsner (OSU) 

 



Native 
Vegetation Improved 

Pasture 

Tilled Wheat 

No-till Wheat 



Phenocam 



What Governs the State of  

Soil Moisture? 

“Soil is a wetting body.  For this reason capillary moisture in the soil has a 

concave surface and is invariably under supplementary negative pressure [or 

suction].  Its magnitude is governed by the surface tension of the water and the 

radii of the curves, which depend on size and shape of the interstices, i.e., in 

the final analysis on the dispersion of the soil.” Razumova (1965) 

Simply put, soil moisture is most directly influenced by a number of 

microscale physical properties which determine soil composition.  

These factors include soil texture (size, shape, and mineral 

composition of the soil particles), soil water potential (the energy 

state of soil water), organic matter and the magnitude of water 

contained in any given soil parcel 



Thoughts Concerning Soil Moisture Monitoring 
 

 Volumetric Water Content is NOT Sufficient to Understand the full, true 
state of “Soil Moisture” without additional, on-site, site-specific, scaled 
metadata: 

 Soil Texture 

 Vegetation Type and Conditions 

 Hydraulic Conductivity 

 Organic Matter 

 Bulk Density 
 

 Every monitoring network should have detailed descriptions of the 
calibration and validation procedures for the soil moisture measurements. 
Know the strengths and limitations of the data!!!! 

 Standards are needed for soil moisture monitoring – What are the 
acceptable error ranges?  Installation procedures? Quality assurance? 

 Soil moisture monitoring in not an easy undertaking – in many ways, it is 
more complicated than atmospheric measure sand requires sufficient 
resources. 

 Often, users want information about soil wetness which is inherently 
different than VWC. 

 



Questions? 


